Supply Chain Management, which is concerned with material and information flows between facilities and the final customers, has been considered the most popular operations strategy for improving organizational competitiveness nowadays. With the advanced development of computer technology, it is getting easier to derive an acceptance sampling plan satisfying both the producer's and consumer's quality and risk requirements. However, all the available QC tables and computer software determine the sampling plan on a noneconomic basis. In this paper, we design an economic model to determine the optimal sampling plan in a two-stage supply chain that minimizes the producer's and the consumer's total quality cost while satisfying both the producer's and consumer's quality and risk requirements. Numerical examples show that the optimal sampling plan is quite sensitive to the producer's product quality. The product's inspection, internal failure, and postsale failure costs also have an effect on the optimal sampling plan.
Introduction
Supply Chain Management focuses on the material and information flows between facilities and their final customer, and has been considered the most popular operations strategy for improving organizational competitiveness in the 21st century 1 . Recently, due to the pressure to lower manufacturing and service costs and to deliver high-quality products to market quickly, North American companies have become increasingly attracted to outsourcing and off-shoring, which is the usage of overseas workers to produce components, entire products, and services. Many companies have contracted with suppliers in lower-cost countries in order to gain access to a large pool of workers at a mere fraction of the cost 2 Advances in Decision Sciences of domestic facilities. For this reason, India and China are becoming major players in offshoring, especially in the areas of manufacturing and service.
Recent product recall scandals have revealed that the benefits of outsourcing and offshoring also come with its disadvantages-in this case, the threat of quality risks in the supply chain. Some examples of recent product recalls include Toyota's sticking accelerator pedal recall and floor mat recall e.g., vehicles involved in the sticking accelerator pedal recall include: [2007] [2008] [2009] [2010] Cao and Zhang 2 showed that firms have been attempting to achieve greater collaborative advantages with their supply chain partners in the past few decades, and that supply chain collaborative advantages have a bottom-line influence on firm performance. In addition, Foster Jr. 3 established that the increasing importance given to supply chain management has resulted in the rethinking of models, constructs, and frameworks for quality management that have been developed for operations management. Although research in quality management has previously focused on an internal versus external view of quality, where the internal view focused on process and the external on the customers, companies must now merge these views as they adopt the systems approach implicitly in supply chain management, in order to internalize upstream and downstream processes with their own. Thus, Foster Jr. 3 defined Supply Chain Quality Management SCQM as a system-based approach to performance improvement that leverages opportunities created by upstream and downstream linkages with suppliers and customers.
The purpose of this paper is to design an economic model to determine the optimal sampling plan in a two-stage supply chain that minimizes the producer's and the consumer's total quality cost while satisfying both the producer's and the consumer's quality and risk requirements. The model can be applied to any two-stage supply chain including a vendor and a buyer, where a vendor deliver a batch of product to the buyer, and the buyer decides whether to accept or reject the entire lot based on the quality of the sample selected from the lot. Acceptance sampling is often used to monitor the quality of raw material, purchased parts, and finished products when product testing is destructive, time-consuming, or expensive. An acceptance plan is the overall scheme for either accepting or rejecting a lot based on information gained from samples. The acceptance plan identifies both the size and type of samples and criteria to be used to either accept or reject the lot. Samples may be either single, double, multiple, or sequential.
Single sampling plans are simple to use. However, if the incoming quality level is particularly good or particularly poor, a double, multiple, or sequential sampling plan will reach an acceptance or a rejection decision sooner and, therefore, reduce the average sample number. Moreover, if a single sampling plan is applied, very often the producer is at a "psychological" disadvantage, since no second chance is given for the rejected lots. In such situations, taking a second sample is preferable.
In a single sampling plan, one sample of items is selected at random from a lot and the disposition of the lot is determined from the resulting information. These plans are usually denoted as n, c plans for a sample size n, where the lot is rejected if there are more than c defectives. These are the most common and easiest plans to use, although not the most efficient in terms of the average number of samples needed.
In a double sampling plan, after the first sample is tested, there are three possibilities:
1 accept the lot, Advances in Decision Sciences 3 2 reject the lot, 3 take a second sample.
If the outcome is 3 , a second sample is taken, and the procedure is to combine the results of both samples and make a final decision based on that information.
A multiple sampling plan is an extension of the double sampling plans where more than two samples are needed to reach a conclusion. The advantage of multiple sampling is smaller sample sizes.
A sequential sampling plan is the ultimate extension of multiple sampling where items are selected from a lot one at a time and after inspection of each item a decision is made to accept or reject the lot or select another unit.
One of the most common ways to set the sampling plan parameters is to use what are often referred to as QC tables. The two most common sets of these tables are as follows.
(1) ANIS/ASQ Z1. 4 and Z1.9-2008 [see [4] ]
Using the sample size code letter which is determined by the shipping lot size and the inspection level , the sampling plan can be read off instantly for a specified acceptable quality level AQL . The AQL is a percent defective that is the base line requirement for the quality of the producer's product. The producer would like to design a sampling plan such that there is a high probability of accepting a lot that has a defect level less than or equal to the AQL. It provides tightened, normal, and reduced plans to be applied for attributes inspection for percent nonconforming or nonconformities per 100 units 4, 5 . The producer's risk Type I error is the probability, for a given sampling plan, of rejecting a lot that has a defect level equal to the AQL. The producer suffers when this occurs, because a lot with acceptable quality is rejected. The symbol α is commonly used for the producer's risk and the typical value for α is 0.05.
(2) Dodge-Romig Tables
These attribute acceptance plans set the parameters while assuming the rejected lots are 100 percent inspected and defectives are replaced with nondefectives. Users must specify values for consumer's risk β , the approximate actual percent defectives, the lot size N , and the lot tolerance percent defective LTPD 6 . The LTPD is a designated high defect level that would be unacceptable to the consumer. The consumer would like the sampling plan to have a low probability of accepting a lot with a defect level as high as the LTPD. The consumer's risk Type II error is the probability, for a given sampling plan, of accepting a lot with a defect level equal to the LTPD. The consumer suffers when this occurs, because a lot with unacceptable quality is accepted. The symbol β is commonly used for the Type II error and the typical value for β is 0.10.
Some computer software packages are available now to find the acceptance sampling plans that satisfy the company's quality and risk requirements. For example, Sampling Plan Analyzer 2.0 7 is a shareware software package for evaluating and selecting acceptance sampling plans. Users can take an existing sampling plan and use the software to evaluate it including calculating and displaying OC Operating Characteristic curves the OC curve plots p a , the probability of accepting the lot Y -axis versus p, the lot fraction, or percent defectives X-axis ; the OC curve is a graph of the performance of an acceptance sampling plan, it shows how well an acceptance plan discriminates between good and bad lots . Users 4 Advances in Decision Sciences can also specify the desired protection and the program will generate a list of sampling plans that might be used.
A plot of the Average Outgoing Quality AOQ, Y -axis versus the incoming lot p Xaxis will start at 0 for p 0 and return to 0 for p 1 where every lot is 100% inspected and rectified . The AOQ curve shows that as p, the lot fraction or percent defectives, increases, the AOQ initially deteriorates and then improves. The improvement in quality occurs because as the acceptance plan rejects lots, the rejected lots are 100 percent inspected and defectives are either replaced with nondefectives or removed. In between, it will rise to a maximum. This maximum, which is the worst possible long-term AOQ, is called the AOQL.
Acceptance Sampling for Attribute TP105 8 develops sampling plans for attribute data based on the binomial and the Poisson distributions. The metric used for the OC curve can be either the fraction defective, as in the binomial case of go/no-go data, or counts, as in the Poisson case of defect count.
All the previous QC tables or computer software 7, 8 determine the sampling plans on a non-economic basis to satisfy the quality and risk requirements of the producer, the consumer, or both parties. Motivated by the case of a Greek company, which uses the Greek equivalent to the ISO 2859 9 for the quality control of its incoming raw materials, Nikolaidis and Nenes 10 evaluated the single-sampling plans recommended by the international standard ISO 2859 from an economic point of view. Their evaluation shows that the use of the ISO 2859 rarely leads to satisfactory economic results. Wetherill and Chiu 11 reviewed some major principles of acceptance schemes with emphasis on the economic aspect. Their research indicated that the major approaches for designing an economic acceptance sampling plan include the following.
1 The Bayesian approach. This approach assesses the costs and losses involved in operating a sampling plan and tries to minimize the total costs. The expected cost per batch includes the cost of sampling and the loss due to wrong decisions, which is a function of the process quality p. The optimal single sampling plan n, c is obtained by minimizing the expected cost per batch with respect to these two variables.
2 The Minimax Approach. This approach also aims at minimizing costs but without assuming a knowledge of the process quality p. Thus the average cost per batch C p is a function of p. For any given sampling plan, C p will go through a maximum as p runs from 0 to 1. The minimax principle chooses the plan that minimizes this maximum.
3 Semieconomic Approach. Here a point on the OC curve is specified. The fixed point on the OC curve can be the producer's risk point, the consumer's risk point, or the point of indifference quality. The fixed point determines a relationship between c and n. The plan that minimizes the average amount of inspection at the process average quality is chosen.
Tagaras 12 developed an economic model to assist in the selection of minimum cost acceptance sampling plans by variables. The quadratic Taguchi loss function is adopted to model the cost of accepting items with quality characteristics deviating from the target value. Ferrell Jr. and Chhoker 13 presented a sequence of models that addressed 100% inspection and single sampling with and without inspector error when a Taguchi-like loss function is used to describe the cost associated with any deviation between the actual value of a product's quality characteristics and its target value. González and Palomo 14 developed Advances in Decision Sciences 5 a Bayesian acceptance sampling plan for a lot consisting of N units, when the number of defects in a unit can be described by a Poisson distribution with parameter λ, and the prior distribution of λ takes the form of a gamma or noninformative function. In the acceptancesampling plan to be constructed, a sample of size n is taken from a lot of size N and all units in the sample are inspected. If the number of defects found in the sample is above a specified value c, the lot is rejected. If the number of defects is at or below c, the lot is accepted and sent to the next stage without further inspection. The sampling plans are obtained following an economic criterion: minimize the expected total cost of quality. Note that none of the research available in the literature focusing on the economic design of acceptance sampling plans has integrated the producer's and the consumer's risk requirements into the design of the model.
In this paper, we consider a two-stage supply chain. For example, one of the major agriculture export products from Taiwan is the orchid. According to the Statistics of the Agriculture and Food Agency of the Taiwanese government, the export value of the seedlings of Phalaenopsis Butterfly Orchid to all countries was 13,525,800 US dollars for the year of 2010, among which $5,497,900 s worth was to the USA and $1,971,500 s worth was to the Netherlands. In the USA, once the seedlings of Phalaenopsis arrive at the seaports California or Florida , they are inspected 100 percent inspection for new suppliers and sampling inspections for old suppliers . The defective products are either scrapped at the seaport or returned to Taiwan. In the Netherlands, the defective products are sold at a reduced price. We will develop the optimal sampling plan based on an economic viewpoint. This paper is organized as follows. Section 2 formulates the optimization problem for the economic design of acceptance sampling plan. Section 3 provides numerical examples to illustrate the effects of quality and costs on the optimal sampling plan. Finally, Section 4 concludes this paper with a brief summary of the main results. Figure 1 illustrates how a single-sampling plan for attributes operates.
Economic Design of Acceptance Sampling Plan
Let p a p denote the probability of accepting the lot given that the lot quality is p and let ATI denote the average total inspection items. The single sampling plan has the following performance measurements 15 :
if defective items are replaced with good ones and if defective items are removed but not replaced, and
Let D d denote the defective items detected; and let D n denote the defective items not detected, then we have
2.4
Note that if the inspection is 100% reliable, for the sampled n items, the expected defective items np will be detected for sure. If the lot is rejected with probability 1 − p a p , it will be 100% inspected and the remaining N − n p defective items will be detected. On the other hand, if the lot is accepted with probability p a p , the N − n p defective items will not be detected.
To derive the total quality cost per lot for a given sampling plan, we define the following cost parameters:
C i : Inspection cost per item. C f : Internal failure cost; that is, the cost of rework, repair, or replacement for a defective item which is not released to the market as a finished product or not released to production as an incoming raw material.
C o : The cost of an outgoing defective item i.e., the postsale failure cost, see Hsu and Tapiero 16 . For a finished product, this is the cost of replacement and loss of good will for a defective item which is released to the market. For an incoming raw material, this will be the attendant cost when a defective item is released for production use. The economic sampling plan can be found through the following mathematical model: Note that for the cases of the export of the seedlings of Phalaenopsis from Taiwan, if the defective products are scrapped at the seaport, the internal failure cost would be the lost profit i.e., revenue-production cost-transportation cost from Taiwan to the USA . If the defective products are returned to Taiwan, the internal failure cost would be the lost profit plus the transportation cost from the USA to Taiwan subtract the salvage value when the defective products arrive in Taiwan. If the defective products are sold at a reduced price, the internal failure cost would be calculated as follows: revenue the original selling price -the production cost-transportation cost from Taiwan to The Netherlands -the reduced selling price.
Note that if the cost of an outgoing defective item C o is relatively high in comparison to the inspection cost per item C i and the internal failure cost per item C f , then the optimal sampling plan is to have a 100% inspection of the entire lot. If C o is high, then in order to minimize the total cost TC, the defective items not detected D n should be as small as possible. Since D n p a p N − n p, if the sample size n equals the lot size N 100% inspection , then D n 0. On the contrary, if the inspection cost per item C i is relatively high in comparison to the internal failure cost per item C f and the cost of an outgoing defective item C o , then the optimal sampling plan is to have zero inspection without take into consideration the producer's and the consumer's risk requirements. However, with zero inspection, the consumer's risk would be high and may not be acceptable to the consumer. 
Numerical Examples and Discussion
For the purpose of our illustration, we consider the following set of input parameters: N 1, 000, AQL 0.02, LTPD 0.07, α 0.05, β 0.10, p 0.03, C i 1.0, C f 2.0, and C o 10. We use MATLAB computer software to obtain all the single sampling plans with sample size n less than or equal to 1000 that satisfy both the producer's and consumer's quality and risk requirements. To indicate the performance measurements, Table 1 lists all the single sampling plans for n up to 205. From Table 1 , one can see that both the producer's risk 1 − p a AQL and average total inspection ATI increase, and the consumer's risk p a LTPD decreases as n increases and c remains unchanged; on the contrary, both the producer's risk and average total inspection decrease, and the consumer's risk increases as c increases and n remains unchanged. Based on the previous input parameters, the optimal sampling plan is n 201 and c 9 with the total cost TC 503.07. Note that without constraints 2.6 and 2.7 , the optimal decision for the producer is to have zero inspection n 0 with the total cost TC 300, the producer's risk α 0, and the consumer's risk β 1, which obviously is not acceptable to the consumer. This example indicates that without integrating the producer's and the consumer's risk requirements into the economic design of the acceptance sampling plans, the plan obtained by the model, although minimizing the producer's and the consumer's total quality cost, may not be acceptable to the consumer. Table 4 Figure 2 shows the total cost with different sampling plans that satisfy both the producer's and consumer's quality and risk requirements i.e., AQL 0.02, LTPD 0.07, α 0.05, β 0.10 . For a given c value, as n increases, the total cost increases. However, when n increases or decreases to a certain value, the sampling plan becomes infeasible i.e., the consumer's or the producer's risk becomes too big . Table 2 shows the sensitivity analyses of the optimal single sampling with different levels of p. As p increases, the optimal sample size first increases and then decreases. For p ≥ 0.13, the optimal sampling plan will have a near zero probability of accepting the lot, resulting in a 100% inspection of the entire lot. As a result, all the defective products will be detected and replaced ATI 1000 and AOQ 0 . Table 3 shows the sensitivity analysis of the inspection cost C i . If C i ≤ 0.2, the inspection cost is relatively low compared to the failure costs C f and C o . Therefore, the optimal sampling plan is to have a 100% inspection of the entire lot. For 0.3 ≤ C i ≤ 10, the optimal sampling plans remain at n 201 and c 9.
As shown in Table 4 a , one can see that the internal failure cost C f is relatively insensitive to the optimal sampling plan. However, when the inspection cost C i is small, for example, C i 0.2 see Table 4 b , the internal failure cost C f has an effect on the optimal sampling plan. Table 5 shows the sensitivity analysis of the postsale failure cost C o . For C o ≤ 35, the optimal sampling plans remain to be n 201 and c 9. However, when C o ≥ 40, the optimal sampling plan changes to have a 100% inspection of the entire lot. 
Conclusions
There are many ways to determine an acceptance sampling plan. However, all of them are either settled on a noneconomic basis or did not take into consideration the producer's and consumer's quality and risk requirements. In this paper, we developed a mathematical model for a two-stage supply chain that can help the producer and the consumer to find a single sampling plan that minimizes the producer's and the consumer's total quality cost inspection and failure costs and satisfies both the producer's and consumer's quality and risk requirements. From the numerical analyses, we see that the optimal sampling plan is very sensitive to the producer's product quality. The product inspection, internal failure, and postsale failure costs also have an effect on the choice of the economic sampling plan. The results presented in this paper can be further extended to develop models for double or multiple sampling plans. The mathematical model and computer program for determining an optimal double or multiple sampling plans are more complicated. The research work is now being undertaken.
